a2 United States Patent

Armbruster et al.

US009077141B2

US 9,077,141 B2
Jul. 7, 2015

(10) Patent No.:
(45) Date of Patent:

(54) GAS LASER DEVICE AND GAS RESERVOIR

(75) Inventors: Kevin L. Armbruster, Chicopee, MA
(US); Brad D. Gilmartin, Gardner, MA
(US); Peter J. Kueckendahl, Bad
Oldesloe (DE); Bernard J. Richard,
Dudley, MA (US); Daniel J. Ryan,
Sycamore, 1L, (US)

(73) Assignee: ALLTEC ANGEWANDTE
LASERLICHT TECHNOLOGIE
GMBH, Selmsdorf (DE)

Subject to any disclaimer, the term of this

patent is extended or adjusted under 35
U.S.C. 154(b) by O days.

14/342,508
Jul. 19, 2012

(*) Notice:

(21) Appl. No.:
(22) PCT Filed:

(86) PCT No.: PCT/EP2012/003072
§371 (D),
(2), (4) Date:  Mar. 3, 2014

(87) PCT Pub. No.: 'WO02013/034217

PCT Pub. Date: Mar. 14, 2013
(65) Prior Publication Data

US 2014/0226693 Al Aug. 14,2014
(30) Foreign Application Priority Data

Sep.5,2011  (EP) cooooooooooeeeoeeeeeceeeeeee 11007188

(51) Int.CL
HOIS 3/22
HOIS 3/03

(2006.01)
(2006.01)

(Continued)

(52) US.CL
CPC . H0IS 3/03 (2013.01); HO1S 3/076 (2013.01);
HO01S 3/0975 (2013.01)
(58) Field of Classification Search
CPC ... HO1S 3/03; HO1S 3/076; HO1S 3/2383;
HO1S 3/005; HO1S 3/08059; HO1S 3/2232;

HO18S 3/0071; HO1S 3/0407; HO1S 3/041;
HO1S 3/0835; HO1S 3/0941; HO1S 3/0975;
HO1S 3/23; HO1S 3/031; HO1S 3/0315;

HO1S 3/036
USPC oot 372/58, 34,92, 93, 97
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

3,705,999 A
3,919,663 A

12/1972 Hermann et al.
11/1975 Caruolo et al.

(Continued)

FOREIGN PATENT DOCUMENTS

DE 4029187 Al 3/1992
DE 4212390 Al 10/1993
(Continued)
OTHER PUBLICATIONS

International Application No. PCT/EP2012/003073, Preliminary
Report on Patentability, Sep. 26, 2013, 14 pages.

(Continued)

Primary Examiner — Xinning Niu
Assistant Examiner — Vu A Vu
(74) Attorney, Agent, or Firm — Hoffman Warnick LL.C

(57) ABSTRACT

The invention refers to a laser device comprising a tubular
space formed by at least two resonator tubes (12) for a gas to
be excited, excitation means (50) for each of the at least two
resonator tubes for exciting the gas in the resonator tube for
generating laser light, a partially reflecting output coupler
(42) for coupling out a laser beam, and at least one gas
reservoir container (60) which forms a gas reservoir, the gas
reservoir container being free of excitation means and in
fluidic communication with the tubular space, wherein the
gas reservoir container is arranged between the at least two
resonator tubes and connected to the tubular space at two
separate connecting portions (20).
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1
GAS LASER DEVICE AND GAS RESERVOIR

FIELD OF THE INVENTION

The invention refers to a gas laser device.

RELATED ART

During the operation of a gas laser device, waste products
will be generated which are not suitable for further excitation.
For example, in a CO, laser gas components such as H,, H,O
and CO are formed during the operation of the laser. There-
fore, the gas in the laser device either has to be regenerated in
certain intervals or a constant flow of fresh gas has to be
provided.

In order to enhance the time between two successive regen-
erations it is known to connect a gas container to the tubular
space of the laser device in which gas excitation takes place.
The gas container provides fresh gas to the tubular space.

WO 02/43197 discloses a gas laser comprising a discharge
tube in which laser discharge occurs. A gas reservoiris in fluid
communication with the interior of the discharge tube
through two different passages.

U.S. Pat. No. 4,189,687 describes a gas laser having a laser
tube and a reservoir being connected to the laser tube through
different conduits at opposite ends of the laser tube. Gas from
the reservoir migrates into the laser tube, maintaining gas
capable of laser action in the laser tube.

U.S. Pat. No. 5,592,504 discloses a gas laser including a
plurality of elongated cylindrical bores, wherein a first bore
forms a laser gas discharge chamber and a second bore forms
a laser gas reservoir chamber. The chambers are fluidly con-
nected by an opening which is a narrow slot extending along
the full length of the chambers.

U.S. Pat. No. 4,189,687 discloses a longitudinally excited
gas laser comprising laser tubes and electrodes for generating
a longitudinally excited gas laser discharge, the laser tube
comprising a plurality of pipe sections mutually connected to
each other. A gas reservoir is provided to replenish gas in the
pipe sections.

U.S. Pat. No. 6,263,007 B1 discloses a laser assembly
comprising a housing having an optical cavity containing a
lasing medium, a pumping source coupled to stipulate the
lasing medium to amplify laser light passing through the
optical cavity and at least one lasing medium supply reservoir
separate from the housing and storing a quantity of the lasing
medium.

SUMMARY OF THE INVENTION

U.S. Pat. No. 5,115,446 discloses a carrying structure for
the flanges and other elements of two laser beam paths. Above
a top surface of a housing there is provided an upper partial
star configuration of connecting lines, which has four inlet
lines and four return lines. These have the form of rectangular
tubes and accommodate coolers.

An object of this invention is to provide a compact laser
device with a particularly good performance.

The object is solved according to the invention by a laser
device.

The laser device according to the invention comprises a
tubular space formed by at least two resonator tubes for a gas
to be excited, excitation means for each of the at least two
resonator tubes for exciting the gas in the resonator tubes for
generating laser light, a partially reflecting output coupler for
coupling out a laser beam, and at least one gas reservoir
container which forms a gas reservoir, the gas reservoir con-
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2

tainer being free of excitation means and in fluidic commu-
nication with the tubular space. The gas reservoir container is
arranged between the at least two resonator tubes and is
connected to the tubular space at two separate connecting
portions.

The inventive laser device is a gas laser. [t may in particular
be a CO, laser device, wherein the gas in the tubular space
includes CO,. In an embodiment of the invention the laser
device is a laser device or marking head for marking or
engraving an object with the laser beam.

An idea of the invention is to provide a gas reservoir or gas
volume which extends the volume of gas in the tubular space
which forms a resonator of the laser. This additional volume
of gas is free of excitation means and is provided in addition
to the tubular space of the laser device, that is, the resonator of
the laser.

According to embodiments of the invention the tubular
space contains a gas that is excited by excitation means pro-
vided at an outer circumference of the tubular space. Such
excitation means may in particular be radio frequency elec-
trodes. The tubular space may be at least partially surrounded
by the excitation means for the excitation of the gas. The laser
light is formed in the tubular space by the excitation of the gas.
Because the gas reservoir container does not have any exci-
tation means no laser light is formed in the gas container.
Moreover, the laser light is in some cases reflected only out-
side the gas container.

The gas reservoir container comprises two separate con-
nectors which are connected to two separate connecting por-
tions of the tubular space. These separate connectors and
connecting portions provide a good flow of gas from the gas
reservoir container to the tubular space of the laser device. In
particular the gas can be distributed to different sections of the
tubular space in order to provide a more even distribution of
fresh gas in the tubular space.

Inan embodiment of the invention the tubular space and the
gas reservoir container form a closed gas system. This means
in particular that a cavity of the laser device formed by the
tubular space and the gas reservoir container is a closed cavity
and that there is no constant gas flow through the resonator.
The gas in the cavity is only replaced in certain intervals when
the laser device is out of operation. Fresh gas from the gas
reservoir container is supplied to the tubular space, which
forms the resonator, mainly by diftfusion.

The tubular space includes a plurality of resonator tubes, in
particular at least two resonator tubes, which may be linear
resonator tubes interconnected by one or more flanges. The
resonator tubes are arranged in an angled manner relative to
each other and laser light may be reflected from one resonator
tube to an adjacent resonator tube by a mirror arranged
between the resonator tubes. The resonator tubes may be
mechanically connected with each other. In other words the
laser device can comprise a resonator including a plurality of
interconnected resonator tubes.

The resonator tubes may have any form which is suitable
for the generation of laser light and may be generally called
laser gain volumes. It may be preferred according to the
invention that the gain volumes be cylindrical or tubular in
shape but other gain volume geometries could be used.

In an embodiment of the invention a connecting element is
provided which is connected between two adjacent resonator
tubes. The connecting element or corner flange may comprise
at least one mirror for reflecting laser light between the reso-
nator tubes and may include a ceramic material. In addition to
such intermediate flanges between two resonator tubes, there
may be end flanges connected to the resonator tubes at the
opposite axial ends of the common tubular space.
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The tubular space or resonator forms a cavity of the laser
device in which laser light is reflected between a totally
reflecting rear mirror at one end and a partially reflecting
output coupler at the opposite end. The end flanges may
contain the output coupler and the rear mirror, respectively.

In an embodiment of the invention the gas reservoir con-
tainer is connected to at least one connecting element and/or
an end flange. The connecting element can include inlet or
connecting portions for at least two resonator tubes and the at
least one gas reservoir container.

It may also be preferred that the connecting element com-
prises an inner cavity which is fluidly connected to at least two
resonator tubes and which allows gas to flow between at least
two adjacent resonator tubes and the at least one gas reservoir
container. The inner cavity may have an angled tube-like
shape, wherein in a corner of the cavity a mirror may be
arranged for reflecting the laser light between the resonator
tubes.

An advantageous mounting of the gas container may be
achieved in that two connecting elements are provided, each
connecting element being connected between two adjacent
resonator tubes, and the gas reservoir container is connected
to the two connecting elements. That is, the gas container may
extend between two connecting elements. It may be advanta-
geous that the gas container extends substantially along a
resonator tube arranged between the two connecting ele-
ments.

Moreover it may be preferred according to the invention
that the gas reservoir container is in fluidic communication
with the at least two resonator tubes. Thus, fresh gas can be
directly supplied to at least two resonator tubes, for example
via one of the connecting elements. The gas reservoir con-
tainer may have a tubular shape and is arranged in the same
plane as the resonator tubes.

The at least two resonator tubes may for example be
arranged in an L- or V-shape and the gas reservoir container
may be arranged in the same plane between the resonator
tubes. The gas reservoir container therefore connects two
different resonator tubes of the laser device.

A compact laser device with increased power is achieved in
that the resonator tubes are arranged in the shape of an open
or closed ring surrounding a free central space between them.
By folding the resonator around a free central space, the
length of the resonator may be increased without increasing
the overall length of the laser device, as compared to a linear
resonator. The resonator tubes folded in a ring-shaped pattern
provide a free space within the laser device which may at least
partially be surrounded by the resonator tubes. The free space
in the cross-section of the laser device may be used for
example in that an object is placed in said free space. The
object may for example be a scanning device having one or
more movable mirrors, the gas excitation means or a resona-
tor tube cooling means.

For providing the free space in a centre area of the laser
device or marking head the resonator tubes can be arranged in
the form of a circuit or ring which defines the free space. The
resonator tubes may be straight tubes, that is, they have a
longitudinal axis extending along a straight line. Corner areas
may be formed between adjacent resonator tubes. Therefore,
the form of such a resonator may also be described as an
angled ring, which may either be a closed ring in the form of
a loop or an open ring having a spacing between two of the
resonator tubes.

It may be is preferred that the angle between each two
adjacent resontor tubes is greater than 60". This allows for a
better and in particular more effective coupling of the laser
light between the resonator tubes. It may also be preferred
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according to the invention that the angles formed between
each two adjacent resonator tubes are equal.

In a further embodiment of the invention the resonator
tubes are arranged in a triangular, rectangular, square, U- or
V-pattern. In a triangular pattern the resonator of the laser
device includes three resonator tubes, whereas in the rectan-
gular or square pattern the resonator may be made up of four
resonator tubes. In other embodiments five or more resonator
tubes may be provided and arranged in a polygonal form. The
ring-like arrangement of the resonator tubes allows the geom-
etry of the resonator to be optimized, for example to the power
required and the volume limitation of the particular applica-
tion. The U-pattern as an embodiment of an open ring or
circuit provides easy access to the free central space via the
opening in the ring. Therefore, an object may be inserted into
the free central space through the clearance between two
resonator tubes adjacent to the opening in the ring.

The laser device may be configured to direct the laser beam
into the free central space surrounded by the resonator tubes
and/or the at least one gas reservoir tube. To this end a deflect-
ing mirror may be provided which deflects the laser beam
passing through the output coupler in the direction of the free
central space. This deflecting mirror or output mirror may be
arranged outside the resonator, which is defined at opposite
axial ends by the rear mirror and the output coupler.

In an embodiment of the invention the gas reservoir con-
tainer is a gas reservoir tube having two separate tube con-
nectors for a connection to the connecting portions of the
tubular space. The gas reservoir tube is preferably arranged
along at least a part of the triangular, rectangular, square or
U-pattern of the resonator tubes. Moreover it may be pre-
ferred that the gas reservoir tube is arranged such that the free
central space is kept for placing the scanning device, the gas
excitation means, the resonator tube cooling means and/or
other objects therein.

The resonator tubes and the gas reservoir tube may be
arranged in one plane. The tubes in a common plane may
provide a very compact and flat design of the laser device.
Moreover, this embodiment allows a plurality of laser devices
to be stacked, so that a laser arrangement having a plurality of
stacked laser devices may be formed.

A compact laser device is formed in that the gas reservoir
tube extends in parallel to at least one of the resonator tubes of
the laser device. So, the gas reservoir container may have a
tubular shape with a longitudinal axis which extends in a
parallel manner to a longitudinal axis of the tubular space or
one of the resonator tubes of the tubular space. The gas
reservoir tube may have substantially the same length as the
resonator tube and be arranged directly next to it, so that the
cross-section of the laser device can be minimized.

In another embodiment of the invention the excitation
means include at least one radio frequency electrode extend-
ing along a longitudinal axis of the tubular space, in particular
along a longitudinal axis of the resonator tubes.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be further described with reference
to the attached figures, wherein;

FIG. 1 shows a perspective view of a laser device according
to the invention;

FIG. 2 shows a top view of a laser device according to F1G.
1; and

FIG. 3 shows an enlarged view of a corner portion of the
laser device according to FIGS. 1 and 2.
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In all Figures, identical or corresponding components are
identified by identical reference signs.

DETAILED DESCRIPTION OF THE INVENTION

FIGS. 1 and 2 show a laser device 10, according to the
invention. The laser device 10 may in particular be a laser
device for marking an object by means of a laser beam. One
or more of such laser devices 10 may be integrated into a
marking head for marking an object.

The laser device 10 comprises a plurality of resonator tubes
12 which may in particular be alumina tubes. The resonator
tubes 12 form a part of a common tubular space which may be
referred to as the resonator of the laser device 10. The reso-
nator tubes 12 are at least partially enclosed by excitation
means 50 in the form of radio frequency electrodes 51 for
exciting a gas contained in the resonator tubes 12. The elec-
trodes 51 extend substantially along the entire length of the
resonator tubes 12 for exciting a gas contained therein.

In the shown embodiment the laser device 10 comprises
four resonator tubes 12 arranged in a square. However,
instead of a square resonator the resonator may also take the
shape of a rectangle, a U-shape or a triangular shape. Instead
of a resonator composed of four sides it could also be con-
structed with only two or three sides or more than four sides.
The design allows the geometry of the resonator to be opti-
mized to the power required and in the volume limitation of
the application.

A central free space 8 is formed in an inner area of the laser
device 10. The space 8 is surrounded by the resonator tubes
12. Each ofthe resonator tubes 12 has a longitudinal axis. The
longitudinal axes of the resonator tubes 12 extend in one
common plane.

In three of the four corners of the square connecting ele-
ments 20, 21 in the form of ceramic triangles are arranged for
connecting adjacent resonator tubes 12. Each of the connect-
ing elements 20, 21 has a mirror 22 for reflecting laser light
from one resonator tube 12 to an adjacent resonator tube 12,
thus coupling laser energy between the resonator tubes 12.
The connecting elements 20, 21 each have a base body 24, to
which the resonator tubes 12 are connected. The mirror 22 is
attached to the base body 24.

At an axial end of one of the resonator tubes 12 a totally
reflecting rear or end mirror 44 is arranged for reflecting the
laser light in the resonator tube 12. At the end of second
resonator tube 12 an output coupler 42 is arranged for cou-
pling out a laser beam. The output coupler 42 is a partially
reflecting mirror.

In the illustrated embodiment two of the resonator tubes
12, which may be called end resonator tubes, are intercon-
nected by an integrated output flange 40. That is, the forth
corner is constructed such that one face contains the rear
mirror 44 and another face contains the partially reflecting
output coupler 42.

The integrated output flange 40 comprises a first, inner
base body 70 and a second, outer base body 72. An inner
cavity or spacing 74 is formed between the first and second
base bodies 60, 62 in which the rear mirror 44 and the output
coupler 42 are received.

In a corner area of the integrated output flange 40 an output
mirror 46 is provided for reflecting the laser beam coupled out
through the output coupler 42 into a predetermined direction.
The output mirror 46 is arranged such that the laser beam is
reflected into the free central space 8 of'the laser device 10. An
output hole 48 is formed in the first base body 70 of the
integrated output flange 40 through which the laser beam
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6

deflected by the output mirror 46 may pass into the free
central space 8. A mounting flange 76 is connected to the
second base body 72.

Along one resonator tube 12 a second tube is arranged
which is free of excitation means 50 and forms a gas reservoir
container 60 of the laser device 10. The gas reservoir con-
tainer 60 supplies gas ballast to the resonator tubes 12 for an
increased lifetime of the laser device 10. The gas reservoir
tube or container 60 may have different dimensions, in par-
ticular a larger diameter, than the resonator tubes 12. Gener-
ally, the gas ballast structure could take any shape or even be
a separate volume connected to the laser device 10 via tubes.

The gas reservoir tube or container 60 is connected at a first
axial 62 end to a first connecting element 20 and at a second
axial end 64 to a second connecting element 20. A first tube
connector 66 is provided at the first axial end 62 and a second
tube connector 68 is provided at the second axial end 64. The
first connecting element 20 includes a first connecting portion
30 for connecting the first tube connector 66 of the gas res-
ervoir tube and the second connecting element 20 includes a
second connecting portion 32 for connecting the second tube
connector 68.

The gas reservoir tube is arranged in a parallel manner to
the resonator tube 12 connected to the same connecting ele-
ments 20.

FIG. 3 shows a detailed view of a corner between two
resonator tubes 12. The resonator tubes 12 are connected to a
connecting element 20 which may also be referred to as a
connecting flange or corner flange. The connecting element
20 has three inlet portions, two for connecting the resonator
tubes 12 and one for connecting the gas reservoir tube or
container 60. An inner cavity 26 is formed within the con-
necting element 20, providing a fluidic connection between
the resonator tubes 12 and the gas reservoir container 60.

The inlet portion for connecting the gas reservoir container
60 and the inlet portion for one of the resonator tubes 12 are
arranged on one side of the connecting element 20 next to
each other in a parallel manner. The inlet portion for the other
resonator tube 12 is arranged on a second side of the connect-
ing element 20. In a corner area a mirror 22 is arranged for
reflecting laser light between the resonator tubes 12. The
mirror 22 is arranged such that basically no laser light enters
the gas reservoir container 60.

Cooling blocks 78 are arranged next to the resonator tubes
12 for cooling the gas contained in the resonator tubes 12.

The invention claimed is:
1. A laser device comprising:
a tubular space formed by at least three resonator tubes for
a gas to be excited;
excitation means for each of the at least three resonator
tubes for exciting the gas in the resonator tube for gen-
erating laser light;
a partially reflecting output coupler for coupling out a laser
beam; and
at least two connecting elements, each connecting element
being connected between two adjacent resonator tubes,
wherein the resonator tubes are arranged in one plane and
in the shape of an open or closed ring surrounding a
central space between them,
wherein:
at least one gas reservoir tube is connected to the tubular
space at two separate connecting portions formed at
two of the connecting elements, the gas reservoir tube
being free of excitation means and in fluidic commu-
nication with the tubular space and forming a gas
reservoir, and
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the gas reservoir tube is arranged in the plane of the
resonator tubes, in the space between the resonator
tubes and along one of the resonator tubes,

wherein the resonator tubes and the gas reservoir tube
form a closed cavity. 5

2. The laser device according to claim 1, wherein the at
least two connecting elements each comprise an inner cavity
which is in fluidic communication with the two adjacent
resonator tubes and the at least one gas reservoir tube.

3. The laser device according to claim 1, wherein the gas 10
reservoir tube extends in parallel to at least one of the reso-
nator tubes.

4. The laser device according to claim 1, wherein the exci-
tation means include at least one radio frequency electrode
extending along a longitudinal axis of the tubular space. 15

5. The laser device of claim 1, wherein the connecting
elements each comprise at least one mirror for reflecting laser
light between the resonator tubes.

6. The laser device of claim 1, wherein the gas reservoir
tube has two separate tube connectors for a connection to the 20
connecting portions of the tubular space.
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